Wind erosion of cropland negatively affects soil quality and productivity in the winter wheat (Triticum aestivum L.)-summer fallow (WW-SF) region of the inland Pacific Northwest United States. Loss of soil diminishes the finite resource base and concurrent loss of soil organic C affects the inherent physical, chemical, and biological properties of the soil. This study aimed to quantify soil organic C loss from windblown summer fallow soils. Creep and Big Spring Number Eight samplers were used to trap sediment above an eroding soil during major wind events over an 8-yr period. The C content of trapped sediment ranged from 6 to 11.6 g C per kg sediment. Enrichment ratios for C ranged from 0.6 to 1.9, indicating that the trapped sediment was generally enriched in C compared with the parent soil. Averaged across all sites and wind events, soil C loss from fields ranged from 0.4 to 18.5 kg C ha -1 . The ongoing decline in soil organic C since the advent of dryland farming in the region 140 yr ago is most commonly attributed to degradation by microbes and oxidation. However, our data, combined with historic accounts of wind erosion in the WW-SF region, strongly suggest that loss of soil organic C may also be caused by wind erosion. Conservation tillage has proven an effective strategy for reducing wind erosion in the WW-SF region and thus farmers are encouraged to further adopt conservation tillage practices to retain soil C and thereby reduce the degradation of agricultural soils by wind erosion.
T he soil resource base in arid and semiarid regions is susceptible to degradation by wind erosion. Wind erosion is influenced by many factors such as geology, climate, vegetation, and human activity (Greeley and Iversen, 1985; Zobeck and Fryrear, 1986a) . Wind erosion degrades soil by removing the fertile topsoil. Wind erosion can also impair air quality (Huszar and Piper, 1986) , deplete the soil of nutrients (Birch, 1981; Van Pelt and Zobeck, 2007) , disperse weeds and diseases (Shields et al., 2006) , and damage plants by sandblasting or burial (Gorddard et al., 1982) .
In the Pacific Northwest, wind erosion is of particular concern in the low-precipitation (<300 mm annually) zone of the Columbia Plateau. Indeed, wind erosion of agricultural lands not only diminishes the resource base that supports crop production but also causes exceedance of the National Ambient Air Quality Standard for particulate matter ≤ 10 µm in diameter (Sharratt and Lauer, 2006) . There are 1.5 million ha in the low-precipitation zone managed in a 2-yr WW-SF rotation, whereby wheat is grown on a given field every other year. During the fallow year, soils are often vulnerable to wind erosion because traditional tillage practices bury crop residues and pulverize the surface soil aggregates (Papendick, 2004) .
Crop residue cover and soil aggregation are key factors that influence wind erosion (Fryrear et al., 1998) . Thus, maintaining crop residue and nonerodible aggregates on the soil surface during the summer fallow is considered to be a practical means of controlling wind erosion (Horning et al., 1998; Sharratt and Feng, 2009) . Despite the adverse effects of tillage on soil, traditional tillage of summer fallow has been the preferred system for economically producing winter wheat since farming began in the region in the early 1880s. In recent decades, many dryland farmers have adopted conservation tillage fallow practices that have dramatically reduced wind erosion Young and Schillinger, 2012) . Nonetheless, traditional tillage of summer fallow is still commonly found throughout the region. Sharratt et al. (2007) and Sharratt and Feng (2009) documented soil loss from agricultural lands to be as high as 2.3 Mg ha -1 during single high wind events in the region. However, historical accounts of dust storms suggest that soil loss could approach 180 Mg ha -1 (Schillinger and Papendick, 2008) . The particle size distribution of windblown sediment collected above eroding agricultural soils during high wind events in the region indicate preferential erosion of the fine fraction (particles < 100 µm in diameter) from the parent soil (Sharratt, 2011) . The fine soil fraction typically is enriched in nutrients compared with the coarser soil fraction (Zhang et al., 2003; Zobeck and Fryrear, 1986b) and thus wind erosion reduces soil fertility. Sharratt et al. (2015) , for example, found that the loss of N from agricultural lands ranged from 0.1 to 1.9 kg ha -1 during single wind erosion events in the Pacific Northwest.
Carbon loss associated with wind erosion has not been widely assessed (Lal, 2003; Chappell et al., 2013) , even though C is the single most important component affecting the physical, chemical, and biological properties of soils (Rice, 2005) . Carbon dynamics in agricultural ecosystems have been studied but little is known concerning soil C loss resulting from wind erosion Gilkes, 1994, 2001; Jacinthe and Lal, 2001; Lal, 2003) . Enrichment ratios (ERs) (defined as the ratio of C in windblown sediment to C in the parent soil) of sediment collected within 1 m of the surface of an eroding desert soil during high wind events in New Mexico ranged from 4 to 19 (Gile and Grossman, 1979) . Hagen and Lyles (1985) found abrasion of aggregates in agricultural fields contributed to an ER of 1.9 during wind erosion events in Kansas. Similarly, Zobeck and Fryrear (1986b) found an ER of 2.9 for sediment collected from 0.15 to 2.0 m above the surface of an eroding agricultural soil at Big Spring, TX. Van Pelt and Zobeck (2007) reported that windblown sediment originating from agricultural soils in Texas was enriched in several nutrients and also C. Buschiazzo et al. (2007) and Van Pelt and Zobeck (2007) also found significant C enrichment in sediment eroded from agricultural soils in Argentina.
We are aware of only a few reports documenting the estimation or measurement of C loss from eroding agricultural soils. For example, Chappell et al. (2013) estimated a loss of 5 kg C ha -1 yr -1 from eroding Australian agricultural soils via numeric simulations, whereas Harper et al. (2010) estimated losses as high as 7700 kg C ha -1 yr -1 from various geomorphic features in Western Australia through a combination of remote sensing and field surveys. Similarly, Nerger et al. (2017) estimated a loss as high as 8100 kg C ha -1 from eroding agricultural fields during single erosion events in Germany. Yan et al. (2005) estimated a loss as high as 110 kg C ha -1 yr -1 from various land use types across northern China, whereas Hasselquist et al. (2011) estimated a loss of 1510 kg C ha -1 yr -1 caused by wind erosion of newly burned desert shrubland in southern Idaho. In contrast to these estimates, Sterk et al. (1996) measured a loss of 23 to 56 kg C ha -1 from a sandy soil cropped to pearl millet (Pennisetum glaucum L.) during single high wind events in the Sahel, whereas Santra et al. (2013) measured a loss of 4 kg C ha -1 from rangeland during single erosion events in India. Although Zobeck and Fryrear (1986b) did not assess loss of C, they measured a horizontal flux of organic matter of 2.5 to 7.8 kg m -1 above agricultural fields during several erosion events in Texas.
To our knowledge, no previous investigations have documented soil C loss from eroding agricultural fields in semiarid temperate regions. Therefore, the objective of our study was to quantify loss of C from the highly erodible soils during high wind events in the WW-SF region of the Columbia Plateau.
MATERIALS AND METHODS
Characteristics of wind erosion monitoring sites in the Columbia Plateau and the methods used in collecting sediment discharge during wind erosion events have previously been described by Sharratt et al. (2015) . These site characteristics and sediment collection methods are summarized below, along with the analysis used to determine sediment C content and loss.
Wind Erosion Monitoring Sites
Windblown sediment was collected above eroding agricultural fields from 1999 to 2012 in Adams County, WA. Fields in Adams County were chosen for monitoring wind erosion because the soils within the county are extremely erodible and within a high conservation priority area (Chandler et al., 2004) . The fields were owned and managed by farmers who used tillagebased summer fallow practices during the WW-SF rotation. The soil type at all field sites was a Ritzville silt loam (coarse-silty, mixed, superactive, mesic Calcidic Haploxerolls), except in 2005 and 2012, when the soil type was a Shano silt loam (coarse-silty, mixed, superactive, mesic, Xeric Haplocambids). The particle size characteristics of the soil (0-30 mm depth) at each field site were measured by a Mastersizer laser diffraction analyzer (Malvern Instruments Ltd., Malvern, United Kingdom). Ritzville silt loam is generally finer-textured than Shano silt loam, as the respective median particle diameter was 24 and 36µm and sand content was 25 and 40% averaged across field sites (Table 1) . Annual precipitation across all field sites varied from 241 to 305 mm.
The location of field sites ( (Table 1) . Traditional tillage entailed chiseling or sweeping after the wheat harvest in July, sweeping or disking the following spring, and rodweeding two or three times prior to sowing winter wheat in late summer. Conservation tillage entailed leaving the wheat stubble standing and the soil undisturbed over winter, undercutting the soil with 0.8-m-wide sweeps in spring, and rodweeding two or three times prior to sowing winter wheat. The field site in 2003 was traditionally tilled after the wheat harvest in 2001, maintained in summer fallow in 2002, and then was disked in spring and rodweeded five times during summer and early autumn 2003 (i.e., 2 yr of summer fallow). Although 2 yr of summer fallow is uncommon, this may occur as a result of a lack of soil moisture to germinate seed. Winter wheat was sown during the last week of August or the first week of September at all sites (except 2003) with high soil-disturbance, deep-furrow drills that enable deep placement of seed into adequate moisture for germination and emergence of wheat (Lindstrom et al., 1976) .
Windblown Sediment Collection
Wind erosion was monitored immediately prior to or after sowing winter wheat. The soil is most erodible at this time during the rotation because burial of crop residues and degradation Table 1 . Tillage practice imposed during summer fallow and particle size characteristics of soils at wind erosion monitoring sites.
Year
Tillage during fallow † Soil type Median particle diameter Sand content Silt content Clay content of soil aggregates by tillage implements and grain drills results in minimal residue cover, aggregate size, and random surface roughness. At each field site, two creep samplers and from 6 to 12 BSNE profile samplers (Custom Products, Big Spring, TX) were placed along both the windward and leeward sides of the field, perpendicular to the prevailing wind direction, to respectively measure the influx and efflux of sediment to the field. Creep samplers trapped sediment to a height of 0.025 m. Each BSNE profile sampler consisted of BSNE samplers placed at heights of 0.1, 0.2, 0.5, 1.0, and 1.5 m above the soil surface on a pole, which was anchored into the soil. The opening of each sampler was oriented into the wind via a wind vane. Windblown sediment trapped in the creep and BSNE samplers was retrieved from field sites after each erosion event or series of erosion events with persistent prevailing westerly winds. Sediment in each individual creep and BSNE sampler was placed in ziplock bags and air-dried prior to weighing and processing for C. In addition, surface samples (0-5 mm in depth) from the parent soil were collected at three random locations along the leeward side of the field, but upwind of the profile samplers prior to the high wind events. These parent soil samples were pooled for C analysis.
The fetch varied from 150 to 1000 m across field sites and wind erosion events. Land adjacent to and upwind to our field sites was maintained in vegetative cover to minimize the influx of sediment to the field. Windblown sediment was collected only during high wind events that had prevailing wind directions between ~225 and 315° to ensure that a nonerodible boundary was maintained upwind and that sediment discharge at the leeward boundary originated from the field site. An automated weather station was deployed to measure precipitation, temperature, relative humidity, and wind speed and direction at the leeward boundary in the field. In addition, wind speed was measured at five or six heights from 0.1 to 5 or 6 m above the surface. Data were recorded every 1 or 10 min by a data logger (CR1000, Campbell Scientific, Logan, UT) during high wind events. A high wind event was defined as a period of time when wind speeds exceeded 6.4 m s -1 at a height of 3 m, which is the threshold wind speed for wind erosion in the region (Saxton et al., 2000) .
The soil and crop residue characteristics of field sites used from 2003 to 2006 have been reported in previous studies (Kjelgaard et al., 2004; Sharratt et al., 2007; Sharratt and Feng, 2009) . For the field site monitored in 2012, crop residue cover and random surface roughness were measured with a pin meter that had been made in-house (Allmaras et al., 1966) . Residue cover was determined from the percent of pins whose feet rested on the prostrate residue. Random roughness was assessed after removing the residue from the surface and determined by the SD of pin elevations after correcting for slope (Currence and Lovely, 1970) .
Carbon Analyses
Total C in sediment and soil samples was determined by dry combustion with a TruSpec Analyzer (LECO, St. Joseph, MO). Carbonates in these samples were determined by titrating soil to 7.0 pH to neutralize the carbonates prior to the LECO analysis.
Additionally, carbonates were measured (El Mahi et al., 1987) on a few samples to confirm the titration method. No carbonates were present in these samples and total C was equivalent to soil organic C. Approximately 0.25 g of sediment or soil was placed into foil cups and analyzed for C. There was not enough sediment in individual BSNE samplers at the windward boundary in the field to assess C content during individual high wind events. Therefore, sediment trapped by these windward BSNE samplers was consolidated by height in the field to assess C content.
Loss of Soil C
Carbon loss (C loss , kg m -2 ) from the field was determined as:
where F hl and F hw are the total horizontal C mass flux (kg m -1 ) along the leeward and windward field boundaries respectively and d is the distance (m) from the windward to leeward boundary in the direction of the prevailing wind. Total horizontal C mass flux at the windward and leeward boundaries was the sum of the creep and BSNE horizontal C mass flux at the windward and leeward boundaries in the field respectively. Creep horizontal C mass flux (F hc ) was determined as:
where M is the mass of sediment trapped by the creep sampler (kg), C is the C content (kg kg -1 ) of the sediment, and w is the width (m) of the opening of the sampler. The BSNE horizontal C mass flux (F hb ) was determined as:
where M z is the mass of sediment (kg) trapped by the BSNE sampler at height z (m), C z is the C content of the sediment at height z, and a is the area (m 2 ) of the opening of the sampler. Soil loss from the field was determined in a similar manner to the derivation of C loss from the field. Specifically, soil loss was calculated as the difference in creep plus BSNE horizontal sediment flux along the leeward and windward field boundaries divided by the distance between boundaries in the direction of the prevailing wind. Creep horizontal sediment flux was defined as the mass of sediment trapped by the creep sampler divided by the width of the sampler, whereas BSNE horizontal sediment flux was determined from the mass of sediment trapped by BSNE samplers at each height (similar to Eq. [3]). The mass of suspended sediment trapped by BSNE samplers at each height was corrected for inefficiency of the sampler according to Sharratt and Feng (2009) , whereby the catch efficiency of the BSNE sampler at height z was determined from the measured wind speed at height z.
The integral in Eq.
[3] was evaluated from 0.025 m to the height of the dust plume as defined by dust concentration or sediment mass flux profiles. The carbon content of sediment above the height of the uppermost BSNE sampler (1.5 m) was assumed to equal the C content of sediment trapped by the uppermost BSNE sampler. For field sites monitored in 1999 was integrated to the height where the BSNE sediment mass flux profiles converged at the windward and leeward boundaries in the field. For field sites in 2003 was integrated to the height where the dust (particulate matter ≤ 10µm in diameter) concentration profiles converged at the windward and leeward boundaries in the field Sharratt and Feng, 2009 ). Sediment mass flux or dust concentration profiles converged at the windward and leeward boundaries at a height of 5 to 7 m across years. Sharratt et al. (2015) reported that the loss of soil caused by wind erosion of fallow fields ranged from 44 to 2317 kg ha -1 across the 13 erosion events analyzed in this study (Fig. 2) . Although their data indicated a positive relationship existed between soil loss (kg ha -1 ) and maximum wind speed (WS, m s -1 ) across erosion events (soil loss = 119.6WS -818.3; R 2 = 0.19), they found the highest maximum wind speed (18.0 m s -1 ) occurred during the 25 Sept. 2001 erosion event. This event, however, resulted in a soil loss of 1285 kg ha -1 . Similarly, Sharratt et al. (2015) found that the lowest maximum wind speed (9.7 m s -1 ) occurred during the 9 Sept. 2005 erosion event, which resulted in 85 kg ha -1 of soil loss. Thus the lowest and highest soil loss did not correspond with the lowest and highest maximum wind speeds observed across events. Factors other than wind speed probably influenced wind erosion. For example, Saxton et al. (2000) reported a good relationship (R 2 = 0.88) between wind erosion and wind energy (cumulative wind speed above the threshold wind speed) at field sites in the Columbia Plateau. In addition, low crop residue cover (3%) in conjunction with a relatively high maximum wind speed (17.6 m s -1 ) may have resulted in the highest soil loss (2317 kg ha -1 ) during the 28 Oct. 2003 erosion event (Sharratt et al., 2015) . Similarly, soil loss during the 17 and 23 Oct. 2003 erosion event (44 kg ha -1 ) may have been lower than the 9 Sept. 2005 event because of differences in aggregate geometric mean diameter. Although the data of Sharratt et al. (2015) indicated that differences in random roughness (10 versus 9 mm) and residue cover (3 versus 11%) could not account for differences in soil loss between the 17 and 23 Oct. 2003 and 9 Sept. 2005 erosion events, the geometric mean diameter was 1.4 mm for the 17 and 23 Oct. 2003 event and 0.4 mm for the 9 Sept. 2005 event . In contrast to observed soil loss across erosion events, Schillinger and Papendick (2008) estimated a loss approaching 180 Mg ha -1 during a single erosion event in the region. Despite these observations of wind erosion, there has been no documentation concerning C loss during erosion events.
RESULTS AND DISCUSSION

Soil and Sediment C Content
The C content of the parent soil and as a function of height above the eroding surface at the leeward field boundary is portrayed for each of the 13 erosion events in Fig. 3 . The C content of the parent soil ranged from 0.0066 kg kg -1 for the 9 and 10 Sept. 2012 event to 0.0112 kg kg -1 for the 29 Aug. 2006 event. This large range in soil C content may partly be caused by variability in soil C at a given field site. For example, soil C content varied from 0.0066 to 0.0068 kg kg -1 for the 9 and 10 September and 2 October events respectively, which occurred at the 2012 field monitoring site, whereas soil C content varied from 0.0092 to 0.0112 kg kg -1 for the 30 August and 29 August events re- spectively, which occurred at the 2006 field site. The C content of sediment trapped by the creep sampler ranged from 0.0078 to 0.0173 kg kg -1 across events and was greater than that of the parent soil except for the 25 Sept. 1999 event. The C content of sediment trapped by the creep sampler was, at most, 95% higher than that of the parent soil. The relatively high C content of sediment trapped by the creep sampler may be a result of the preferential transport of small and light-weight particulates of crop residue compared with soil. The C content of sediment trapped by the BSNE samplers varied little with height (Fig. 3) and ranged from 0.0052 to 0.0108 kg kg -1 at 0.1 m, from 0.0046 to 0.0105 kg kg -1 at 0.2 m, from 0.0047 to 0.0106 kg kg -1 at 0.5 m, and from 0.0047 to 0.0120 kg kg -1 at both 1.0 and 1.5 m. The small variation in C content with height may be caused by the small variation in size of airborne sediment with height. Sharratt (2011) reported that the geometric mean diameter of sediment trapped between heights of 0.2 and 1.5 m differed by no more than 4 µm for 7 of the 13 erosion events in this study. Our results, however, contrast with those of Zobeck and Fryrear (1986b) , who found that the amount of C in sediment increased with height above an eroding agricultural surface.
Some evidence was found to suggest that the eroded sediment was enriched in C compared with the soil, but only near the soil surface (Fig. 4) . The ER appeared to be higher for sediment trapped by the creep sampler than by BSNE samplers for all erosion events. The ER for sediment trapped by the creep sampler was not determined for the 9 Sept. 2005 and 29 Aug. 2006 events because of insufficient data. Nevertheless, the ER for sediment trapped by the creep sampler ranged from 0.90 to 1.95 and averaged 1.42 across events. This C enrichment of sediment trapped by the creep sampler may be caused by fine fragments of crop residue residing on the soil surface being blown into the creep sampler. There appeared to be little variation in the ER of sediment trapped by BSNE samplers with height. The ER ranged from 0.69 to 1.37 at a height of 0.1 m, 0.65 to 1.29 at 0.2 m, 0.67 to 1.34 at 0.5 m, 0.66 to 1.43 at 1.0 m, and 0.66 to 1.44 at 1.5 m. The ER averaged 1.02, 0.98, 0.96, 0.99, and 1.02 at 0.1, 0.2, 0.5, 1.0, and 1.5 m respectively across erosion events. Similarly, Larney et al. (1998) reported an ER for C of 1.0 during erosion events on agricultural soils in Alberta, Canada. Our results, however, contrast with those of Van Pelt and Zobeck (2007) , who found that the ER for C increased from about 1 to 2 for sediment trapped at 0.2 to 1.0 m above an eroding agricultural soil in Texas. In addition, Gile and Grossman (1979) reported an ER for the C of dust samples collected above an eroding soil in New Mexico ranging from 4 to 19, whereas Hagen and Lyles (1985) reported an ER for the C of entrained sediment above eroding Kansas soils of 1.91.
The mass of sediment trapped by the BSNE samplers was sufficient to assess C content at both the leeward and windward boundaries in the field during seven erosion events. The C content of sediment trapped at the windward and leeward boundaries in the field differed little during a high wind event. For example, the C content of sediment trapped at multiple heights did not differ between the leeward and windward boundaries in the field for the 8 and 12 Oct. 2003 , 17 and 23 Oct. 2003 , and 1 and 4 Sept. 2004 erosion events. These results are based on an ANOVA in which comparisons were made with a completely randomized design and at P ≤ 0.05. However, the C content of sediment trapped at the leeward and windward boundaries in the field did differ at one or more heights during the 28 Oct. 2003 , 9 Sept. 2005 , 9 and 10 Sept. 2012 , and 2 Oct. 2012 erosion events. For most but not all of these events C content was greater at the windward than leeward boundary in the field. For instance, the C content of sediment trapped at heights of 0.2, 0.5, 1.0, and 1.5 m during the 28 Oct. 2003 event was 0.0103, 0.0102, 0.0098, and 0.0112 kg kg -1 respectively at the windward boundary and 0.0093, 0.0092, 0.0091, and 0.0098 kg kg -1 respectively at the leeward boundary. In addition, the C content of sediment trapped at heights of 0.1, 0.2, and 0.5 m during the 2 Oct. 2012 event was 0.0070, 0.0064, and 0.0079 kg kg -1 respectively at the windward boundary and 0.0056, 0.0060, and 0.0054 kg kg -1 respectively at the leeward boundary. In contrast, the C content of sediment trapped at a height of 0.2 m was greater at the leeward (0.0092 kg kg -1 ) than windward (0.0080 kg kg -1 ) boundary during the 9 Sept. 2005 event. On the basis of the results for these seven erosion events, we assumed that the C content of sediment trapped at the windward boundary equaled that at the leeward boundary for computing C loss from fields. 
Carbon Loss
The well-documented decline in soil C with time in the WW-SF cropping region of the Columbia Plateau (Brown and Huggins, 2012; Gollany et al., 2011; Machado et al., 2006; Rasmussen and Parton, 1994; Stockle et al., 2012) may be caused by loss of C to wind transport and not just soil organic matter oxidation and degradation. We found that a field can lose nearly 20 kg ha -1 of C during a single wind erosion event. In fact, C loss ranged from 0.4 to 18.5 kg ha -1 across the 13 erosion events. Sharratt (2007), (2009) reported that the bulk density of Ritzville silt loam and Shano silt loam is about 1000 kg m -3 when managed in a WW-SF rotation. Thus, given that the soil contains about 0.010 kg kg -1 of C (Fig. 3) , a loss of 20 kg C ha -1 represents 2% of the C contained in the topsoil. Carbon losses of 0.4 to 18.5 kg ha -1 (Fig. 2) compare favorably with those reported by Santra et al. (2013) , who measured a loss of 4 kg C ha -1 during single erosion events in India, and Sterk et al. (1996) , who measured a loss of 23 to 56 kg C ha -1 during single events in the Sahel. Our measured C losses, however, are much lower than those of Nerger et al. (2017) who estimated a loss of 8100 kg C ha -1 during single erosion events in Germany.
Averaged across the 13 wind erosion events, C loss represented 0.76% of soil loss. Historical accounts (Schillinger and Papendick, 2008) of wind erosion in the region suggest that 180 Mg ha -1 can erode during single wind erosion events. Since this loss was observed on a Ritzville silt loam ~3 km northeast of our 2012 monitoring site (W. Schillinger, personal communication, 2018) , it is estimated that C loss during this historic event approached 1375 kg ha -1 . While this estimated loss is substantially higher than the losses reported in Fig. 2 , this loss is six times lower than that estimated by Nerger et al. (2017) in Germany.
CONCLUSIONS
Organic C influences the biological, chemical, and physical properties of soils. Loss of C associated with wind erosion, therefore, affects the long-term productivity of soils. Few studies have been undertaken to assess the loss of soil C as a result of wind erosion and thus losses were assessed from agricultural fields during multiple wind erosion events in the Columbia Plateau. Carbon loss varied from 0.4 to 18.5 kg ha -1 across all events. These losses are comparable with those reported in other regions such as India and the Sahel, but pale in comparison to estimates based on historic wind erosion accounts. Indeed, we estimated a loss of 1375 kg C ha -1 during one historic wind erosion event in the Columbia Plateau.
To protect the soil and associated C resource, farmers in the region must use conservation tillage practices to retain residue and soil aggregates on the soil surface to reduce wind erosion. Increasingly, farmers use delayed conservation tillage practices during the fallow phase of the WW-SF rotation, where primary tillage is delayed until spring and then rodweeding takes place once prior to sowing wheat. Even more promising, some farmers are adopting no-tillage summer fallow in unique locales where higher average annual precipitation (e.g., >275 mm) and finer-textured soils allow for the retention of adequate subsoil moisture to germinate seed in late summer or where lower average annual precipitation (e.g., <150 mm) and coarser-textured soils preclude retaining enough subsoil moisture to germinate seed in late summer and thus necessitates delayed sowing of wheat until the arrival of autumn rains.
